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In this paper, the models of vertical f °P rev iou s ?y [ "n °y ' SAGE data from 

data as one of the data sets for the period I 198 -1983; ozone are provided using 

1981 had been used. A1 50 ‘ l T ode K 1 s . of n t £s "VV- 54 to 71? km). The reference model is 

Nimbus 7 LIHS data from 0.5 mb to 0.05 mb (• 54 to /u xmj 
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The pressure range and time 
in Table 1 . 


intervals of the data used in these improved models are shown 


TABLE 1 Satellite Data Used for Improved Ozone Reference Models 


Instrument 

I ncorporated 
Pressure Range 

Incorporated 
Time Interval 

Nimbus 7 L I MS 

0.5 

0.05 - 

20 mb 

0.5 mb (night) 

11/78 - 5/79 
11/78 - 5/79 

Nimbus 7 SBUV 

0.5 - 

20 mb 

11/78 - 9/82 

AE-2 SAGE 

5 - 

20 mb 

2/79 - 11/81 

SME UVS 

0.07 - 

0.5 mb 

1/82 - 12/83 

SME IR 

0.003 - 

0. 5 mb 

1/82 - 12/83 

Nimbus 7 TOMS 

TOTAL 


11/78 - 9/82 
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Figure 1. Comparison of ozone mixing ratios from five satellite experiments. 
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Figure 2. Comparison of reprocessed SAGE ozone data with improved reference model. 
The percent deviation from the model shown here represents the maximum deviations 
detected. 
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Figure 3. Improved reference model of ozone volume mixing ratios (ppmv). 
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COMPARISON BETWEEN KRUEGER-MINZNER MODEL 


AND SATELLITE MODEL OF OZONE 
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Figure 4. Comparison between Krueger- 
Minzner annual mean ozone model (45°N) 
and model of ozone based on satellite data. 


Figure 5. Nimbus 7 LIMS measurements 
of dayside equatorial ozone (Jan. 13, 1979) 
before (LIMS LTE) and after (LIMS NLTE) s 
correction for non-LTH effects. The two LIMS 1 
NLTE curves are for different quenching rates. * 
Also shown is a comparison between SME day- £ 
side ozone measurements in January 1982 and £ 
the LIMS measurements corrected for non-LTE 
effects from (/ 16/). 
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Figure 6. Night-to-day ozone ratio based on 
LIMS nightside measurements and the uncor- 
rected (LIMS LTE) and corrected (LIMS NLTE 
for the two quenching rates) LIMS dayside 
measurements. The observations are compared 
with the photochemical model of Garcia and 
Solomon /21/ (from /1 6 /). 
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COMPARISONS WITH SAGE 

The Applications Explorer Mission-2 Stratospheric Aerosol and Gas Experiment (SAGE) used a 
four-channel Sun photometer which measured solar intensity at sunrise and sunset to derive 
ozone, aerosols, and NO, concentrations. Absorption of 0.6 micron solar radiation by 
ozone allowed determination of the vertical structure of ozone to be obtained up to 30 
times per day from February 1979 until November 1961. The early validation of the SAGE 
measurements is described in some detail by /6/ and /?/. Recently, the algorithm for 
determining ozone mixing ratios has been refined. We incorporate here a provisional 
version of the refined (sunset) data which has been provided by the experimenter. The 
data have been interpolated to the model latitudes, times, and pressures. 

The reprocessed SAGE data is found to have very good agreement with the ozone reference 
model. Shown In Figure 1 is an example of the agreement between the five data sets used 
to generate the models of the ozone vertical structure from 20 mb to 0.003 mb {- 25-90 
km). Note that the mixing ratio is displayed on a log scale to allow accurate 
representation of the two orders of magnitude variation over this altitude range. It 
should be recognized that each data set represent entirely different techniques of 
measuring the vertical structure of ozone. The agreement shown is fairly representa t 1 ve . 
The reprocessed monthly SAGE data is shown by right triangles and closely matches the 
other data sets. 

The vertical structure models arc generated giving the 4-year mean of the SOUV data a 
weight of 2 due to the combination of extensive temporal and spatial coverage, while the 
other shorter data sets are given a weight of 1. The resulting updated model is compared 
with the reprocessed SAGE data in Figure 2. Over the latitudinal range of SAGE data 
provided for September, the SAGE data gives values near the Equator which are less than 15 
percent higher than the reference model. This is the worst case of all months and 
results In less than a 4 percent modification in the reference model at 20 mb near the 
Equator for September. Thus, there are very small differences between this reference 
model, which is available upon request, and the Keating and Pitts tabulation /4/. 

The resulting ozone distributions for the equinox and solstice months are shown in Figure 
3. Shown in Figure 4 Is a comparison of the Krueger and Minzner / 8 / annual mean ozone 
reference model of 45N latitude, which Is given in the U.S. Standard Atmosphere, 1976, and 
the updated ozone reference model provided here. The Krueger and Minzner model is based 
on rocket and balloon soundings and takes into account the latitudinal gradients in ozone 
near 45N from Nimbus 4 BUV observations. As may be seen, there is good agreement between 
the balloon and rocket model and the satellite measurement model, especially over the 
pressure range of the SAGE measurements Incorporated here. 

NIGHTSIDE MESOSPHERIC MODEL 

The SME mesospheric measurements from which the mesospheric ozone models are based are 
dayside measurements (- 3 p.m.). Observations and theoretical models show that 
mesospheric ozone is higher on the nlghtside (Hilsenrath 79/ ; Anderson et al. / l 0 / ; Wilson 
and Schwartz 711/ ; Lean 712/ ; Vaughan 713/ ; Remsberg et al. / 14/; Allen et al. / 15/ ; 
Solomon et al. / 1 6 / : Green et al. 717/; Lobsiger and Kunzi / 1 8/ ; Bjarnason et al. /19/). 
The Nimbus 7 Limb Infrared Monitor of the Stratosphere (LIMS) (Russell 720/ ) ooiainpn 
mesospheric measurements on both the nlghtside and dayside. The LIMS instrument, a six- 
channel cryogen i ca 1 1 y cooled radiometer, had a number of channels to measure temperature 
and various species and included an ozone channel near 9.6 microns. Detailed validation 
studies have been described by Remsberg et al. / 14 /. Solomon et al. 716/ have shown that 
the LIMS dayside measurements of the mesosphere should be corrected for nonlocal 
thermodynamic equilibrium (non-LTE) effects. Shown in Figure 5 is an example of a LIMS 
dayside profile before (LIMS LTE) and after (LIM5 NLTt) correction for non-LTE effects. 
After this correction, Solomon et al. /1 6/ point out there was good agreement between 
dayside LIMS and SME measurements. Shown in Figure 6 is the night-day ozone ratio based 
on LIMS nlghtside measurements and the uncorrected (LIMS LTE) and corrected (LIMS NLTE for 
two quenching rates) LIMS dayside measurements. As may be seen after the non-LTE 
correction, the ozone ratio is in good agreement with the photochemical model. The 
photochemical model results shown in the figure employ the photochemistry in the 2 - 
dimenslona 1 model of Garcia and Solomon / 2 1 7. Since the correction for non-LTE effects in 
the dayside mesosphere have not been applied to the LIMS data as a whole, we have chosen 
to use only the SME data to represent the dayside mesosphere and nightside LIMS data to 
represent the nightside mesosphere. 

Shown In Table 2 are the monthly nightside (ascending) zonal means of Kalman- f 1 1 tered LIMS 
ozone volume mixing ratios (ppmv) (Remsberg et al. 722/ ) from the LIMS Map Archival Tape 


table 2 Nigntside Mesospheric Ozone Volume Mixing Ratios (ppmv) 
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(LAMAT) interpolated to the standard levels in the models. An •*" is placed after values 
where the error in zonal mean Is estimated to exceed 20 percent. Values are shown between 
0.5 mb and 0.05 mb (when available) from 60S to 80N. Values between SOS and 60N are near 
10 p.m. At the highest latitudes, earlier local solar times occur. 

Shown in Figure 7 Is the reference model for January, Equator. The IIMS nighttime values 
from 1 mb to 0.05 mb are seen to depart from the daysidc model above 0.5 mb (• 54 km). 
Below 0.5 mb, little diurnal variability occurs due to the lower dayside 0/0, ratio at 
lower altitudes resulting In less production of ozone on the nightside. In Figure 8, a 
similar pattern is shown for January, 60N (winter). Again, substantial day-night 
variations do not appear to occur below 0.5 mb. Referring to the table, it may be seen 
that a minimum mixing ratio generally occurs on the nightside near 0.2 mb (- 61 km). As 
may be seen in Figures 7 and 8, a dayside minimum occurs at much higher altitudes, 75 or 
80 km. J ' 

Shown in Figure 9 is the night-day ozone ratio for January, based on 1980 LI MS (■ 10 p.m.) 
and 1982-1983 5ME (- 3 p.m.) data, as a function of latitude and pressure. It should be 
taken Into consideration that as opposed to all of the difference being diurnal, part may 
be due to interannual variations and biases of SHE data relative to L1HS data, even though 
the agreement between dayside SHE and LIHS in Figure 9 appears to be in accord with the 
observed and predicted values given in Figure 6. 

Figure 10 gives a detailed view of latitudinal-seasonal variations in the night-day ozone 
ratio at 0.1 mb {* 66 km). Ratios at this level can exceed a factor of 3 and maximize 
during solstice periods near 45 degree latitude in summer and near the Equator during 
equinox periods. This may largely result from the dayside ozone being more strongly 
photodissociated by the more directly Incident summer Sun at mid latitudes and the 
equinoctial Sun at the Equator. 

COMPARISON OF MODEL WITH OTHER MEASUREMENTS 

It is of interest to compare the ozone vertical structure model, which is based on 
satellite measurements, with ozone measurements obtained by other techniques. In Figure 
4, a comparison has already been shown with the Krueger and Minzer (1976) model based on 
balloon and rocket data. Shown in Figure 11 is a comparison with the satellite data mode! 
(47*N , annual mean) of the annual mean vertical distribution from ozonesonde data from 
Hohenpeissenberg (FRG) (48’N, 1 1 *E) over the period 1967-1985 and from Thalwi 1-Payerne 
(Switzerland) (47*N, 7*E) over the period 1967-1962, and the annual mean vertical 
structure from Umkehr data from Arosa, Switzerland { 4 7 * N , 10*E) , over the period 
1955-1983. The three data sets were generously provided by R. D. Bojkov / 23 / . 
Considering that the ozonesonde and Umkehr data do not represent a zonal average, but do 
represent conditions over a period of many years, the agreement is very good. 

Over the period April 1984 to April 1985, a microwave radiometer was operated at Bern, 
Switzerland (47‘N, 7*t), measuring the thermal emission of the rotational ozone transition 
at 142.2 GHZ to deteimine stratospheric and mesospheric ozone abundances in the range of 
25 to 75 km. Monthly mean ozone partial pressures for Umkehr layers 6-10 were calculated 
from over 300 daytime profiles. Shown in Figure !2 (Lobsinyer ,’24/) are the resulting 
ozone profiles obtained by the microwave measurements (solid line) compared with Umkehr 
measurements from Arosa (dashed line), 20-year monthly mean Arosa Umkehr (crosses), and 
the Keating and Young / 1 / ozone reference model (open circles). The differences with the 
reference model may be partially due to local year-to-year phase shifts relative to the 
zonal mean variations. Note the excellent agreement in the annual variation at Umkehr 
levels 7 and 8 between the reference model and Arosa Umkehr (20 years) measurements. 

A comparison with other information is also made between the annual mean of the microwave 
measurements in Figure 13. Residuals are shown relative to the microwave measurements 
(Lobsinger / 24/ ) . The solid line is the 20-year annual average of Arosa Umkehr 
measurements, the dash-dotted line the Krueger and Minzner /8/ model, and the dashed line 
the Keating and Young MAP model / 1 / . With the exception of Umkehr levels 5 (- 22 mb) and 
14 (- 0.04 mb), the annual microwave measurements agree very closely with other 
informat ion. 

An ozone measurement campaign was conducted at Natal, Brazil (6’S, 35* W) in March-April 
1985, resulting in seven profiles from ROCOZ-A ozonesondes (Barnes et al. / 25/ ) - Shown in 
Figure 14 is comparison of a mean of the ROCOZ-A ozone measurements with the MAP Interim 
Ozone Model /!/. The agreement is excellent, with the Natal measurements averaging 2 
percent higher than the MAP model with a 3 percent standard deviation. The agreement 
between ozone data in the mid-1980's with a model based on satellite data in the late 
1970’s and early 1980's has interesting implications concerning the amplitude of long-term 
trends . 
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DIURNAL VARIATION OF OZONE IN MESOSPHERE 


JFIN LRT1TUOE:0 


LU 

cn 

ZD 

CO 

CO 

UJ 

cn 

Cu 


03 ( PPMV) 

Figure 7 Diurnal variation of mesospheric ozone from satellite data. Comparison of ozone 
reference model (dayside above 0.5 mb) with the LIMS nightside measurements (0.05 mb to 1 mb) 
for Equator in January. 
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Figure 8. Same as Figure 7 but for 60°N in January. 
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NIGHT (LIMS) / DAY (SME) MESOSPHERIC OZONE RATIO 


JANUARY 



LATITUDE, deg 

Figure 9. Night to day ozone ratio for January based on 1980 LIMS nightside data and 1982-1983 
SME daysidc data as a function of latitude and pressure. 


NIGHT (LIMS) DAY (SME) MESOSPHERIC OZONE RATIO 


0.1 mb 



Figure 10. Night (LIMS) to day (SME) mesospheric ozone ratio at 0.1 mb (~ 66 km) as a 
function of latitude and season. 
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OZONE REFERENCE MODEL AND LONG-TERM BALLOON AND UMKEHR MEASUREMENTS 
ANNUAL MEANS 



Figure 11. Comparison of ozone reference model based on satellite data with annual means of 
long-term balloon and Umkehr measurements. 


MONTHLY VARIATIONS IN OZONE NEAR 45N 




BERN MICROWAVE 

--- AROSA UMKEHR 
+ AROSA UMKEHR (20 YEARS) 
O REFERENCE MODEL 


Figure 12 Comparison of monthly variations in ozone partial pressure from (a) microwave 
measurements from Bern, Switzerland, (b) simultaneous Umkehr measure) 

Switzerland, (c) 20 years of Umkehr measurements from Arosa, Switzerland, and (d) the ozo e 
reference model based on satellite data (from /24/). 



RESIDUALS FROM ANNUAL MEAN OF MICROWAVE MEASUREMENTS 
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Figure 13. Residuals from annual mean of microwave ozone measurements from Bern, 
Switzerland of (a) 20 years of measurements from Arosa, Switzerland, (b) The Krueger and 
Minzner model /8/, and (c) the ozone reference model based on satellite data (from /24/). 
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Figure 14. Comparison of equatorial ozone measurements obtained from 7 ROCOZ-A 
ozonesondes in 1985 with the ozone reference model based on satellite data (from flSf). 
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